. Survival and root structure changes of rice seedlings in different cultivars under submergence condition. Biodiversitas 20: 3011-3017. Submergence affects plant growth and fitness in natural and agricultural ecosystem. Plant survival to submergence is strongly influenced by the water level and duration of submergence. The objective of this study was to determine the survival, physiological and root anatomical changes of two rice cultivars seedlings to submergence The experiment used completely randomized design with three factors, cultivar (IR-64' and 'Inpara 5'), depth and duration of submergence. Depth of submergence consisted of 3 levels: without, partial and complete submergence. Fourteen days old seedlings were treated for 5, 10 and 15 days of submergence. The observed parameters were seedling survival, chlorophyll content, soluble sugar and starch content, plant biomass, and root anatomical structure. The results showed that seedlings survival of 'IR-64' and 'Inpara 5' decreased by increasing depth and duration of submergence. Increasing depth of submergence decreased chlorophyll content, soluble sugar content and plant biomass. Anatomically, depth and duration of submergence showed a greater increased in root cortex thickness, aerenchyma tissue diameter and the percentage of cortex to be aerenchyma of rice 'IR-64' and 'Inpara 5'. Fifteen days of complete submergence significantly decreased seedlings survival and increased the diameter of aerenchyma in both 'IR-64' and 'Inpara 5'.
INTRODUCTION
Uncertain climate change causes the rice farming environment is not in accordance with expectations, such as the high rainfall that often causes excessive submergence at the early stage of rice development. Excess submergence can decrease rice growth and productivity. Rice plants require water for growth and development, but excessive water negatively affects their productivity and viability (Tejakhod et al. 2015) . Changes in the duration and intensity of heavy rainfall cause flooding which is a serious stress for most crops. These conditions cause crops to be subjected to various water depth and the duration of flooding during their life cycle. Increased rainfall can lead to partial or complete submergence of plant resulting in O 2 deficiency in the root or the entire plant (Voesenek and Bailey-Serres 2013) . The severity of flooding relies on water excess circumstances varying from waterlogging or soil flooding (only root system immersed in watersaturated soil), partial waterlogging (partial flooding of the root system), submergence (the entire plant, root system, and above-ground shoot are underwater) and partial submergence (the entire root system and part of aboveground shoot are underwater) (Sasidharan et al. 2017) .
Rice is a semi-aquatic plant generally tolerant to submergence, however, the excessive submergence causes impaired growth and development (Loreti et al. 2016; Upadhyay 2016) . Rice plants exhibit escape or quiescence strategy in response to different types of submergence. Deepwater rice plants exhibit escape strategy by accelerating stem elongation to keep pace with the rising floodwater to escape complete submergence. Rapid stem elongation induced by submergence is essential for survival Luo et al. 2011; Voesenek and Bailey-Serres 2013) . The stem elongation response is modulated by the signaling of ethylene hormone (Upadhyay 2018) . Submergence-tolerant rice plants have a quiescence strategy indicates by suppressing growth to preserve carbohydrate during submergence (Luo et al. 2011; Voesenek and Bailey-Serres 2013) . Quiescence strategy can increase the tolerance of rice plants to submergence by maintaining high levels of carbohydrate storage coupled with minimum stem elongation and chlorophyll reduction (Sarkar et al. 1996; Fukao et al. 2006) . Reduction stem elongation has a beneficial effect on the submergence tolerance in rice and is essential for survival under prolonged submergence (Setter and Laureles 1996; Voesenek and Bailey-Serres 2013) .
Leaf chlorosis, growth inhibition, alterations in enzyme activities, lipid peroxidation membrane damage and death of the whole plant tissue are the characteristics of submergence effects in rice (Kawano et al. 2009; Jackson and Ram 2003) . In addition, changes in soil physical and chemical properties due to flooding affect the ability of plants to withstand these conditions (Parent et al. 2008; Perata et al. 2011 ). The effect of submergence depends on genotype, development stage of the plant, the water level and duration of submergence and the degree of floodwater turbidity, light availability, temperature, humidity and status of carbohydrate (Das et al. 2005; Das et al. 2009 ).
Rice plants can withstand to submergence stress through the mechanism of avoidance and tolerance. Avoidance mechanism by enhancing shoot elongation in submergence conditions to cope with rising water levels. This mechanism helps increase the chance of survival of plants under submergence (Upadhyay 2016) . Tolerance mechanism of rice plants to submergence include morphological, anatomical and metabolic changes that permit plants to survive without serious damage in response to anaerobic condition. An anaerobic condition due to submergence induces aerenchyma formation is important for tolerance and may enhance oxygen distribution to the root system (Parlanti et al. 2011; Phukan et al. 2016; Upadhyay 2016) . According to Sauter (2013) , submergence will increase the area of aerenchyma tissue on the root cortex to improve oxygen supply to the root. With the aerenchyma, oxygen can be easily transported from the roots to the stems underwater (Parlanti et al. 2011; Nishiuchi et al. 2012) .
Carbohydrates have been recognized as an important factor in submergence-tolerant rice plants. Submergence tolerance is influenced by carbohydrate consumption during submerged (Setter and Laureles 1996) . Panda and Sarkar (2014) stated that starch and total nonstructural carbohydrate (NSC) content is positively associated with survival percentage under submergence condition. Plant used the NSC to supply the required energy for survival (Das et al. 2005) . Carbohydrate status was influenced by plant genotype, level of partial or complete submergence and floodwater environment (Das et al. 2009 ). Carbohydrate remaining after submergence will be especially important in recovery growth after submergence (Das et al. 2009; Kawano et al. 2009 ).
Submergence for varying depth and duration at the early stages resulted in decreasing growth and survivability. Submergence induces physiological and anatomical changes that vary among different rice cultivars (Das et al. 2005) . 'Inpara 5' is 'IR-64' having submerged tolerant Sub1 gene known as rice tolerant to submergence during the vegetative phase of 14 days and have a shorter life cycle than other cultivars, while the 'IR-64' is widely cultivated in Indonesia, but not tolerant to submergence (Hairmansis et al. 2012 ). Based on that information, a laboratory experiment was conducted to determine the survival, physiological and root anatomical changes of rice (Oryza sativa L.) 'IR-64' and 'Inpara 5' at different water depth and duration of submergence.
MATERIALS AND METHODS
'IR-64', intolerant cultivar to submergence and 'Inpara 5', 'IR-64' having submerged tolerant Sub1 gene were used as rice materials. The experiment was arranged in a completely randomized design with three factors including cultivars (IR64-intolerant and Inpara 5-tolerant), depth of submergence (without submergence (T0), partial submergence (T½) and complete submergence (T1), and duration of submergence: 5 (L5), 10 (L10) and 15 (L15) days. Seeds of two rice (Oryza sativa L.) cultivars, 'IR-64' and 'Inpara 5' were incubated in water at about 28 o C for three days. Germinated seeds of each cultivar were directly sown in pot containing a 2-kgs of soil. Rice seedlings were submerged at different water depth and duration in container and placed in the greenhouse. Each treatment consisted of 5 pots, containing 10 rice seedlings aged 14 days with an average seedling height of 20 cm. At the time of treatment, water depth of partial submergence is 10 cm and complete submergence is 20 cm (seedlings are fully submerged) for duration 5, 10 and 15 days. Water depth of submergence was maintained by adding water every day. The water depth on complete submergence was maintained up to the seedlings were fully submerged. Water content in the treatment without submergence was maintained at field capacity condition. After submergence treatment, the rice growth was maintained at field capacity condition. During the experimental period, algal growth was minimized by removing them daily from the water surface using a small fishnet filter. Plant height after submergence treatment ranges from 24 to 29 cm.
The parameters observed including plant survival, chlorophyll content, soluble sugar, and starch content, plant biomass, and root anatomical structure. Plant survival (%) was recorded on 21 st day after the submergence treatment ended. Plant survival was determined by counting the number of plants that were able to produce at least one new leaf after submergence and was expressed as percentage of the initial number of plants before submergence. Dry weight of roots and shoots were weighed after pre-dried in an oven until reached constant weight.
Total chlorophyll content was determined colorimetrically following the procedure by Yoshida et al. (1976) . Samples, the second fully expanded leaf from the tip was collected before desubmergence. Chopped fresh leaf tissue of 0.1 g was ground into fine powder and extracted using 80% acetone. The absorbance of extract was measured at 645 and 663 nm using a spectrophotometer (Genesis UV-Scanning Thermo-Scientific). Chlorophyll concentration were calculated using the formula (17.32 x A646 + 7.18 x A663) mg.L -1 . Chlorophyll content is expressed in mg chlorophyll per gram of fresh weight.
Soluble sugar and starch content of the shoot and root were estimated after 5, 10 and 15 days of submergence by anthrone method (Yoshida et al.1976 ). Briefly, for each measurement, shoot and root samples (0.01g) were dried and ground to fine powder and extracted using 80% ethanol (v/v) (10 mL). The extract was then used for soluble sugar analysis after the addition of anthrone reagent (5 mL), followed by a measurement of extract absorbance at 630 nm using a spectrophotometer. The remaining residue after soluble sugar extraction was dried and extracted using perchloric acid and then analyzed for starch (as glucose equivalent) using the anthrone reagent and a spectrophotometer (Genesis UV-Scanning Thermo-Scientific).
The statistical analysis was carried out for each parameter observed using ANOVA based on completely randomized design model SPSS software (version 22). The differences between means were compared by least significant difference (LSD) at p < 0.05.
RESULTS AND DISCUSSION

Seedlings survival
This study investigated the seedling survival of tolerant 'Inpara 5' and intolerant 'IR-64' rice cultivars in different depth and duration of submergence. The percentages of survived seedling at 21 days desubmergence are shown in Table 1 . Early growth of rice plants are sensitive to submergence because of declining of O 2 and CO 2 availability, inhibited photosynthesis and respiration. The result showed that seedling survival of 'Inpara 5' and 'IR-64' on complete submergence decreased considerably as increasing duration of submergence. Submergence reduced seedling survival of both cultivars with significantly greater effect on submergence-intolerant cultivar 'IR-64' than submergence-tolerant cultivar 'Inpara 5'. Submergence intolerant cultivar 'IR-64' showed lower survival percentage than the tolerant cultivar 'Inpara 5' at 21 days desubmergence. This finding is consistent with the result of Kato et al. (2014) that long-term partial submergence stress significantly reduced survival on intolerant rice cultivar (Rc18-Sub1 and Swarna-Sub1). The seedling survival of both cultivars substantially reduced and showed more dramatic effect on intolerant cultivar 'IR-64' whose survival reached 30% in complete submergence for 10 days. Intolerant cultivar showed greater responses to submergence than tolerant ones. The submergence intolerant rice cultivar developed visual damages, leaves turn yellow and the margins dry out under aerobic condition at desubmergence period.
Depth of submergence showed significant percentage of seedling survival decrease of 'IR-64' and 'Inpara 5' (Table  1 ). The seedlings survival in complete submergence is significantly lower than partial and without submergence. The percentage of survived seedling on partial submergence was similar to that without submergence. Decreasing seedling survival on complete submergence causes physical and chemical changes of soil such as declining soil redox potential and pH of the soil, reducing gas diffusion, increasing micronutrient concentration and accumulation of toxic compound (Parent et al. 2008; Perata et al. 2011; Huang et al. 2015) . Changes in soil physicochemical properties due to limited oxygen in the submerged affect the ability of plants to survive (Parent et al. 2008 ). With complete submergence, the seedlings survival of both cultivars decreased considerably and this decrease became greater by increasing submergence depth and was substantially greater in 'IR-64' than 'Inpara 5'. The decreasing in seedling survival of 'IR-64's suggested that 'IR-64' is intolerant cultivar. In contrast to 'IR-64', 'Inpara 5' tends to survive optimally in partial submergence within 5, 10 or 15 days. Seedling survival of this cultivar on partial submergence was greater than complete submergence or without submergence. This suggests that partial submergence might provide suitable condition for the growth of 'Inpara 5'. This result is consistent to results of Kato et al. (2014) and Vergara et al. (2014) that soilwaterlogging has minimum effect on rice plant in relation to survival and growth. Soil-waterlogging at 5-cm of depth has no effect on rice rather it is good but deleterious to other cereals.
In the partial submergence for duration 15 days, seedling survival of 'Inpara 5' rice cultivar reaches 90% up to 3 weeks of desubmergence. However, complete submergence for duration 10 and 15 days resulted in a decrease in tolerance as the recovery period. In this phase, the plants need water for the early growth, therefore, they will grow less optimal in submergence condition. Although water needs in vegetative phase are very important, but if the amount of water availability is in excess for the long term will cause adverse effects for plants. This condition resulted in tissue death, accumulation of metabolites reaching to toxic levels, reduction of chlorophyll content that will reduce photosynthesis and respiration that cause an energy deficiency. In this condition, plant growth will decline and eventually die (Singh et al. 2014; Huang et al. 2015) .
Physiological changes
Chlorophyll is the component that may change in quantity due to the influence of external factors. Chlorophyll content after submergence was shown in Figure 1 . Figure 1 . Total chlorophyll content (mg g -1 fresh weight) of rice cultivar 'IR-64' and 'Inpara 5' at different depth and duration of submergence. L5: 5 days of submergence, L10: ten days of submergence, and Ll5: fifteen days of submergence. Bars with the different letter are significantly different at p < 0.05 using least significant difference test Leaf chlorophyll content was significantly affected by the depth of water level submergence. In both rice cultivars 'IR-64' and 'Inpara 5', chlorophyll content in partial and complete submergence was considerably lower than control (without submergence), but there was no difference between partial and complete submergence. Partial and complete of submergence considerably decreased chlorophyll content of both cultivars 'IR-64' and 'Inpara 5'. Compared to the control (without submergence), chlorophyll content of both cultivars decreased significantly after submergence and showed greater effect on 'Inpara 5'. Fifteen days of complete submergence caused greater reduction in leaf total chlorophyll content in 'Inpara 5'than in 'IR-64'. This is consistent with the report of Das et al. (2009) that submergence inhibits light penetration resulting in decreased chlorophyll levels. Low light intensity in rice significantly reduces plant biomass (Hairmansis et al. 2017 ). Decreasing of chlorophyll content during submergence is caused by ethylene that induces gene expression and enzyme activity of chlorophyllase (Sone and Sakagami 2017) . Leaf chlorophyll is considerably decayed due to oxidative stress upon desubmergence (Kato et al. 2014 ). In addition, it can also be due to chlorophyll damage as a result of the submergence condition (Phukan et al. 2016; Sone and Sakagami 2017 ). This will result in decreasing photosynthetic rate which will have an effect on plant biomass.
In partial and complete submergence, soluble sugar content on 'IR-64' and 'Inpara 5' rice leaves decreased significantly ( Table 2 ). The soluble sugar content in the partial and complete submergence treatment was lower than control (without submergence). Complete submergence reveals the lowest soluble sugar contents in all submergence treatment. This is likely because on complete submergence reduce chlorophyll content which causes the rate of photosynthesis to decrease.
The leaves are considered to be the primary location of photosynthesis. The decreased chlorophyll content of the leaves will reduce the rate of photosynthesis resulting in a reduction in sugar compound formation. Decreased levels of soluble sugars (sucrose, glucose, fructose) and starch due to increased depth and duration of submergence are caused by decreased photosynthesis. Decreased chlorophyll levels might be caused by chlorophyll degradation or decreased chlorophyll synthesis (Sone and Sakagami 2017) . Chlorophyll is an important pigment that captures the energy of sunlight for photosynthesis. Moreover, submergence also inhibits the diffusion of O 2 in order to prevent plant for doing aerobic respiration (Jackson and Ram 2003; Sauter 2013; Kato et al. 2014) . Pourabdal et al. (2008) state that increasing the submergence period will gradually reduce the amount of soluble sugar. This is consistent with the results of this study that dissolved sugar levels tend to decline with the longer submergence period. The length of the submergence period also affects the soluble sugar content in 'IR-64' and 'Inpara 5'. Sarkar et al. (1996) reported that the seedlings of the tolerant species contain 20-30% more starch than those of the intolerant varieties. The soluble sugar content in partial and complete submergence decreases with submergence. These starch reserves were rapidly used up on the submergence. During submergence, Swarna accelerated the rate of stem and leaf elongation and rapidly consumed nonstructural carbohydrate (NSC). In contrast, Swarna Sub1 consumed energy resources more slowly and maintained similar growth rate to that of non-submerged plants (Panda and Sarkar 2012) .
Starch content of 'IR-64' is increased in the partial and complete submergence treatment (Table 3) . Increased starch content in the rice leaves during submergence is an effort to save energy and grow after submergence (Das et al. 2005) . The results indicated that submergence caused an increase in starch content in leaves as energy storage. However, starch content of 'Inpara 5' in the partial and complete submergence was lower than control. This is probably because the starch is broken down into simple sugars in response to submergence. Non-structural carbohydrates, in the case of starch and soluble sugars, are an important factor in restoring energy to maintain metabolic processes during submergence, to increase regeneration and to recover seedling after submergence (Das et al. 2005) . Pourabdal et al. (2008) suggested that increasing the duration of submergence decreased the levels of soluble sugars in roots and shoot of maize. The decrease in carbohydrate content was positively correlated with decreased levels of chlorophyll because glucose is the product of the photosynthesis process. Decreasing of soluble sugars and starch contents in line with increasing depth and length of submergence caused by the decrease of photosynthesis are likely due to reduced synthesis or increased degradation of chlorophyll. It is closely related to chlorophyll which is important to capture energy from sunlight for photosynthesis. In addition, submergence delays O 2 diffusion and inhibition of aerobic respiration which then results in deficient of energy (Abiko et al. 2012; Sauter 2013 0.0108 a 0.0110 a 0.0109 a Means within the row and column followed by different letters differ significantly at p < 0.05 using least significant difference test 0.0021 a 0.0021 a 0.0019 a 'Inpara 5' T0 0.0023 a 0.0022 a 0.0022 a T½ 0.0027 a 0.0022 a 0.0026 a T1 0.0024 a 0.0020 a 0.0016 a Means within the row and column followed by different letters differ significantly at p < 0.05 using least significant difference test The treatment without submergence in 'IR-64' starch content increase in line the increasing of submergence duration. However, in complete submergence, the starch content was higher than in partial submergence. This is probably due to the plant's ability to extend the leaves when it is submerged. In complete submergence, shoot of 'IR-64' is able to penetrate the water surface. This will affect its capacity to perform photosynthesis. It appears that there is a significant impact on starch levels in the long submergence period. The longer the duration of submergence indicates the higher starch content.
Submergence influences plant biomass is represented by dry weight of roots and shoots. Plant biomass is net photosynthesis that will be used as carbon skeleton of primary organic compound (sugar, protein, lipid and nucleic acid) and other organic compounds and the rest will be stored as storage food. Roots and shoots dry weight of both cultivars 'IR-64' and 'Inpara 5' were decreased by increasing the depth of submergence (Tables 4 and 5) . Decreasing biomass in 'IR-64' was higher than 'Inpara 5'. This is consistent to report of Singh et al. (2014) that the rice lines without SUB1 showed greater reduction of biomass on submerged condition.
The findings showed that dry weight of shoots and roots on both 'IR-64' and 'Inpara 5' cultivars decreased in the partial and complete submergence. This is likely due to a reduction of oxygen supply in submerged plant organs. Submergence creates changes in soil physical and chemical properties and affects the ability of plants to survive in these circumstances . Kumar et al (2007) reported that biomass may or may not decrease under stagnant flooding, while under submergence above ground biomass decrease owing to photosynthetic system impairment. Moreover, the decrease in shoot dry weight may be triggered by obstruction of light penetration and air diffusion when submerged, which will reduce photosynthesis. Biomass reduction due to decreased light interception and leaf growth above the water (Kato et al. 2014) .
Root anatomical changes
Depth of submergence significantly increased root cortical thickness (CT) in both 'IR-64' and 'Inpara 5' and this is more detected in L5 and L10 (Table 6 ). This is consistent with the results of Bianchini et al. (2000) that submergence treatment increased cortical thickness of Chorisia speciosa caused by more cells number and larger cell size. The percentage of cortex cells to be aerenchyma (PA) in those two cultivars also increased compared to control. Duration of submergence alone did not effect on both CT and PA of 'IR-64'. In contrast to the 'IR-64', 'Inpara 5' has smaller change on PA, indicating this cultivar performs tolerance character to submergence. The cortex is a network that plays an important role in the diffusion of O 2 and other gases in the flooding since most of the cortical parenchyma cells will develop into aerenchyma (Pramanik et al. 2016) . This is consistent with the results obtained in this study that the longer and deeper of submergence, the thicker of cortical tissue and the bigger aerenchyma size developed. The formation of aerenchyma has an adaptation mechanism to prevent the loss of oxygen in the submerged organs (De Souza et al. 2009; Parlanti et al. 2011; Sauter 2013) . The formation of aerenchyma in the root cortex can be used as an anatomical adaptation strategy to avoid the impact of submergence by allowing aeration of submerged organs (Nishiuchi et al. 2012; Voesenek and Bailey-Serres 2013) . The rearrangement of cortical cells to a greater increase in the space between cells leads to increase in the diffusion of O 2 to the roots (Bianchini et al. 2000) .
Furthermore, depth and duration of submergence significantly increased the aerenchyma tissues diameter (AD) of 'IR-64' and 'Inpara 5' (Table 7) . The deeper and longer of submergence showed the greater the diameter of aerenchyma. Root tissue aerenchyma diameter of the 'IR-64' increased gradually in line with the submergence level, while at 'Inpara 5', root aerenchyma tissue diameter on partial submergence was the same as the control (without submergence) and increased significantly in completely submergence roots (Table 7) . From Table 7 can also be seen that the diameter of aerenchyma tend to be the same between those two cultivars, 'IR 64" and 'Inpara 5' in complete submergence for both 10 and 15 days submergence treatments. Enhancing the formation of aerenchyma is intended to improve oxygen supply during submergence, facilitates transport of oxygen and other gases from the roots to the stems underwater (Sauter 2013) . (Table 6) for both cultivars, separates the inner-stele from the outer cell layers (exodermis, and epidermis). Strands forming radial bridges from remaining cells in the cortex are important for the structural integrity of the root and for nutrients transport. The epidermis, hypodermis/exodermis, endodermis, and stele of roots from both cultivars remain intact and are unaffected. It was suggested that aerenchyma in rice roots occur under lysigenous formation (Shiono et al. 2008) where cortical cell walls are lysis and this evidence does not bring any damage to other cells. Tolerant cultivars produce larger aerenchyma tissue in root during submergence (Pramanik et al. 2016) . In response to submergence, aerenchyma formed in the tolerant plants is more extensive than in intolerant ones (Colmer and Voesenek 2009; Abiko et al. 2012) . Aerenchyma might provide photosynthesis benefit to transport CO 2 from root respiration and bring it to the leaf intercellular spaces.
From this research, it can be obtained information that seedlings survival of 'IR-64' and 'Inpara 5' decreased by increasing depth and duration of submergence. Intolerant cultivar 'IR-64' showed lower survival percentage than the tolerant cultivar 'Inpara 5'. 'Inpara 5' has a greater survival because it has a sub1 gene as rice tolerant to submergence during the vegetative phase of 14 days. Depth and duration of submergence significantly increased the root cortex thickness and aerenchyma tissues diameter of 'IR64' and 'Inpara 5'. 'Inpara 5' has smaller change on the percentage of cortex cells to be aerenchyma, suggesting this cultivar performs tolerance character to submergence. Increased root cortex thickness, percentage of cortex cells to be aerenchyma and aerenchyma tissue diameter indicated the rice tolerance against submergence.
